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UMEROUS TUBERCULOSIS (TB)

outbreaks have originated

among homeless persons in

the United States.'* Home-
lessness is associated with an in-
creased risk of exposure to Mycobacte-
rium tuberculosis,” undetected and
untreated infection, and subsequent
progression to TB disease.® Homeless
persons with TB are more likely to be
hospitalized, and to be hospitalized
longer, than nonhomeless persons with
TB; the public sector pays most of those
costs.’

Better understanding of the charac-
teristics of homeless persons with TB
disease is important for creating strat-
egies to reduce TB incidence in this
high-risk population in the United
States. In 1993, the Centers for Dis-
ease Control and Prevention (CDC)
standardized national monitoring of TB
disease among homeless persons by
asking health departments to indicate
whether annually reported TB cases oc-
curred in homeless persons. Home-
less status was reported incompletely
(ie, 70%) that first year but increased
to at least 90% each subsequent year.
Thus, 1994 through 2003 represents the
first full decade of national TB surveil-
lance that includes an assessment of
homelessness. This article describes
homeless TB patients and compares risk
factors and disease characteristics be-
tween homeless and nonhomeless TB
patients from 1994-2003.
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Context Tuberculosis (TB) rates among US homeless persons cannot be calculated
because they are not included in the US Census. However, homelessness is often as-
sociated with TB.

Objectives To describe homeless persons with TB and to compare risk factors and
disease characteristics between homeless and nonhomeless persons with TB.

Design and Setting Cross-sectional analysis of all verified TB cases reported into
the National TB Surveillance System from the 50 states and the District of Columbia
from 1994 through 2003.

Main Outcome Measures Number and proportion of TB cases associated with home-
lessness, demographic characteristics, risk factors, disease characteristics, treatment,
and outcomes.

Results Of 185870 cases of TB disease reported between 1994 and 2003, 11369
were among persons classified as homeless during the 12 months before diagnosis. The
annual proportion of cases associated with homelessness was stable (6.1%-6.7%). Re-
gional differences occurred with a higher proportion of TB cases associated with home-
lessness in western and some southern states. Most homeless persons with TB were male
(87 %) and aged 30 to 59 years. Black individuals represented the highest proportion of
TB cases among the homeless and nonhomeless. The proportion of homeless persons
with TB who were born outside the United States (18%) was lower than that for non-
homeless persons with TB (44 %). At the time of TB diagnosis, 9% of homeless persons
were incarcerated, usually in a local jail; 3% of nonhomeless persons with TB were in-
carcerated. Compared with nonhomeless persons, homeless persons with TB had a higher
prevalence of substance use (54 % alcohol abuse, 29.5% noninjected drug use, and 14 %
injected drug use), and 34% of those tested had coinfection with human immunode-
ficiency virus. Compared with nonhomeless persons, TB disease in homeless persons was
more likely to be infectious but not more likely to be drug resistant. Health departments
managed 81% of TB cases in homeless persons. Directly observed therapy, used for 86%
of homeless patients, was associated with timely completion of therapy. A similar pro-
portion in both groups (9%) died from any cause during therapy.

Conclusions Individual TB risk factors often overlap with risk factors for homeless-
ness, and the social contexts in which TB occurs are often complex and important to
consider in planning TB treatment. Nevertheless, given good case management, home-
less persons with TB can achieve excellent treatment outcomes.
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METHODS

The US Census Bureau does not enu-
merate the national homeless popula-
tion, so we were unable to use TB sur-
veillance data to determine disease rates
among homeless persons. Instead, we

calculated the proportion of all re-
ported TB cases that occurred in home-
less persons.

Health departments have been re-
porting all TB cases into the US Na-
tional TB Surveillance System at the
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CDC since 1953. The system ex-
panded in 1993 to permit collection of
additional information (eg, homeless
status, human immunodeficiency vi-
rus [HIV] status, anti-TB drug resis-
tance) and has not changed since then.
Cases must meet the surveillance case
definition (ie, laboratory or clinical evi-
dence of active disease due to M tuber-
culosis complex) to be included in the
national count.® Standard case reports
to the surveillance system also indi-
cate whether patients have a previous
diagnosis of TB disease (ie, >12
months before current diagnosis) but
not history of vaccinations, latent TB
infection, or any TB treatment. Mo-
lecular epidemiology results are not cur-
rently incorporated.

Our analysis included all cases re-
ported from the 50 states and the Dis-
trict of Columbia from January 1, 1994,
through December 31, 2003, based on
reports submitted to the CDC as of
March 30, 2004. In case reports, home-
lessness is defined by any of the crite-
ria specified by the McKinney Act (ie,
the lack of regular access to a conven-
tional, nontemporary nighttime resi-
dence) during the 12 months before di-
agnosis.®? Case reports also note
whether persons were residents of a cor-
rectional facility on the day of their TB
diagnosis. Therefore, no one incarcer-
ated continuously for more than 12
months could also be reported as home-
less, but more recently incarcerated per-
sons might be reported as both home-
less and incarcerated.

Homeless and nonhomeless per-
sons with TB were compared on the ba-
sis of demographic characteristics, in-
cluding sex, age, country of birth, and
self-reported ethnicity/race. Stratify-
ing TB incidence by ethnicity/race is
valuable because disparities in TB case
rates have persisted.*

We examined self-reported exces-
sive alcohol use and any unprescribed
drug use, either injected (ie, intrave-
nous, subcutaneous, or intramuscu-
lar) or noninjected (ie, ingested, in-
haled, or smoked), during the 12
months before TB diagnosis. We cal-
culated prevalence ratios (PRs) with
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95% confidence intervals (CIs) to com-
pare substance use between homeless
and nonhomeless persons with TB.!! Be-
cause the age distribution of homeless
patients was centered, we adjusted for
the effect of age by recalculating each
PR with the subset of persons aged 30
to 59 years.

All states reported positive HIV test
results, and every state except Califor-
nia also reported negative results to the
CDC. After excluding California and in-
cluding only reports with HIV test re-
sults (ie, positive, negative, or indeter-
minate) in the denominator, we
calculated the prevalence of docu-
mented TB-HIV coinfection.

We examined the infectiousness of
TB disease by ascertaining the fre-
quency of pulmonary disease that was
also culture-confirmed or had a posi-
tive sputum smear for acid-fast ba-
cilli.'? In addition, the frequency of cavi-
tary pulmonary disease, a sign of
advanced TB, was reviewed.

We noted differences in the suscep-
tibility of initial cultures to first-line
anti-TB medications (ie, isoniazid, ri-
famycins, pyrazinamide, and etham-
butol). Primary isoniazid resistance was
defined as resistance to isoniazid, and
primary multidrug-resistant TB was de-
fined as resistance to at least isoniazid
and rifampin in patients without a pre-
vious history of TB.®> We also exam-
ined drug resistance patterns among pa-
tients with a previous TB diagnosis.
Because drug-resistant TB strains can
be associated with overseas TB treat-
ment, we stratified patients with pre-
vious TB into those born inside or out-
side the United States and recalculated
for each stratum the prevalence of drug
resistance by homeless status.

Treatment guidelines for TB did not
substantially change during the 10-year
period of this study. For evaluating treat-
ment and outcomes, analysis was re-
stricted to 1994-2001 because health de-
partments continue to collect and submit
those data for up to 2 years after report-
ing a case. We noted who provided care
(ie, health department, private clini-
cian, or both) and type of treatment (ie,
whether patient received a recom-
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mended initial 4-drug anti-TB regimen
and/or directly observed therapy
[DOT])." For all patients who began an
anti-TB drug regimen, we examined
whether treatment was eventually com-
pleted (regardless of length of time). The
Healthy People 2010 initiative of the US
Department of Health and Human Ser-
vices sets the goal that 90% of TB pa-
tients will complete therapy within 1
year."* Using previously described crite-
ria for evaluating the timeliness of treat-
ment completion,® we excluded all pa-
tients who died or whose therapy might
be reasonably expected to take longer (eg,
rifampin resistance).

Analysis of the deidentified data from
the National TB Surveillance System
was performed with SAS 8.02 (SAS In-
stitute, Cary, NC) and Microsoft Ex-
cel 2002 (Microsoft, Redmond, Wash).
There was greater than 85% complete-
ness of reporting on each analyzed vari-
able except for HIV status. The x?* test
for comparisons between the home-
less and nonhomeless groups consis-
tently yielded P values that were =.01
(as would be expected given the data
set size), so those are not individually
listed.

RESULTS
Reported TB Cases

Patients were categorized as either
homeless or nonhomeless in 178 517
(96%) of the 185 870 total TB case re-
ports sent to the CDC from the 50 states
and the District of Columbia for 1994
through 2003. The 7353 reports miss-
ing information on homeless status
were excluded from all subsequent
analyses.

The annual number of cases of TB re-
ported to occur in homeless persons de-
creased from 1392 in 1994 to 913 in
2003, while the total number of TB
cases decreased from 24 205 to 14 874.
The proportion of TB cases associated
with homelessness was stable, rang-
ing annually from 6.1% to 6.7% (over-
all mean: 6.4%). Regional differences
were apparent, with western and some
southern states reporting a higher pro-
portion of cases associated with home-
lessness (FIGURE).
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Figure. Proportion of Tuberculosis Cases Associated With Homelessness, United States,

1994-2003
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Demographic Characteristics
Characteristics of patients with TB
according to homeless status during
the 12 months before diagnosis are
summarized in the TABLE. Males
accounted for 87% of TB cases in
homeless persons during the 1994-
2003 period. This proportion was
stable over time. Among nonhomeless
TB patients, male predominance was
less marked (61%). The age distribu-
tion of homeless persons at the time of
TB diagnosis was centered (ie, 82% of
persons were aged 30-59 years), with a
slight aging trend from a median age
of 41 years in 1994 to 46 years in
2003. Unsurprisingly, the age distribu-
tion of nonhomeless TB patients was
wider (ie, 47% were aged 30-59 years),
with the median essentially un-
changed (44-45 years) during the
10-year period.

Amongall reported TB cases, a higher
proportion of nonhomeless were born
outside the United States (44% vs 18%).
However, persons born outside the
United States accounted for a growing
proportion of TB among homeless per-
sons (from 14% in 1994 to 23% in
2003), with a mean of 11 years since
immigration. Mexico was the country
of birth for 47% of the homeless per-
sons with TB who were born outside the
United States.
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Among all reported cases of TB dis-
ease during the study period, black in-
dividuals represented the highest pro-
portions among the homeless and
nonhomeless. Among homeless TB pa-
tients from 1994-2003, the annual num-
ber who were white declined from 415
to 254. Outside the South, the annual
number who were black also de-
creased from 450 to 155, but numbers
in the southern states remained con-
stant (ie, 207 blacks in 1994 and 2003).
During this period, the annual num-
ber of Hispanic homeless patients with
TB decreased from 256 to 215, al-
though their number as a proportion
of total homeless TB patients in-
creased from 18% to 24%.

TB Risk Factors

Nine percent of the TB cases (n=1032)
associated with homelessness were di-
agnosed in persons who were residents
of correctional facilities on the day of
their TB diagnosis. The type of facility
was usually a local jail (83%), with a
smaller proportion in a state or federal
prison (13%). Three percent (n=>5228)
of nonhomeless persons with TB were in-
carcerated on the day of their diagnosis.

The prevalence of excessive alcohol
use was 4.6 times greater among home-
less (54%) than among nonhomeless
(12%) persons with TB (95% CI, 4.5-

4.7). Homeless TB patients also had a
higher prevalence of noninjected
(29.5% vs 5%; PR, 5.6; 95% CI, 5.4-
5.8) and injected (14% vs 2%; PR, 6.7;
95% CI, 6.4-7.1) drug use. All PR point
estimates remained greater than 3 when
this comparison was restricted to pa-
tients aged 30 to 59 years.

Homeless TB patients during 1994-
2003 were more likely than nonhome-
less TB patients to obtain an HIV test
(76% vs 53%). Among TB patients with
HIV test results reported into the Na-
tional TB Surveillance System (Califor-
nia excluded), TB-HIV coinfection was
higher among homeless (34%) than
nonhomeless (20%) patients. A differ-
ence persisted (35% vs 29%) when
analysis was limited to the 30- to 59-
year-old age group.

Disease Characteristics

Compared with nonhomeless pa-
tients, homeless patients were more
likely to have pulmonary disease (93%
vs 81%), and those with pulmonary dis-
ease were more likely to have culture-
confirmed or smear-positive disease.
The prevalence of cavitary pulmonary
disease was also slightly higher among
homeless persons (29% vs 25%). How-
ever, neither homeless persons with a
primary episode of TB nor homeless
persons with a previous diagnosis of TB
were more likely than nonhomeless per-
sons to have a drug-resistant strain of
M tuberculosis. Although homeless per-
sons were more likely to have a previ-
ous history of TB, nonhomeless per-
sons with a previous history of TB were
about twice as likely to be infected with
a drug-resistant strain 5.3% vs 2.7%),
even after controlling for country of
birth.

TB Treatment and Outcomes

Health departments managed 81% of
the TB cases associated with homeless-
ness during 1994-2001. Most home-
less TB patients received an initial regi-
men of 4 anti-TB drugs (81%) and were
managed with DOT (86%).

Fewer homeless (77%) than non-
homeless (84%) TB patients eventu-
ally completed TB treatment. A simi-
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lar proportion in both groups died
during therapy (9%), but more home-
less prematurely stopped treatment for
reasons such as moving away or being
lost to follow-up (12%, in contrast to
7% of nonhomeless). However, among
homeless patients, those who re-
ceived DOT were 1.4 times (95% CI,
1.3-1.5) more likely to complete therapy
in 1 year or less, compared with those
who did not receive DOT.

COMMENT

Homelessness has persistently culti-
vated a “pocket of endemicity” for TB,”
which continues to be associated with
poverty.'*!7 Although the number of TB
cases associated with homelessness dur-
ing the 1994-2003 decade decreased,
certain states had higher proportions of
TB cases associated with homeless-
ness, and the annual number of black
homeless patients with TB in south-
ern states was unchanged.

Of note, risk factors for TB overlap
with many of the risk factors associ-
ated with persistent homelessness (eg,
being male, or having a history of in-
carceration or substance abuse).'® Ex-
cessive alcohol and illicit drug use may
have importance at several points across
the infection-to-disease continuum. For
example, social settings in which alco-
hol or drugs are shared may facilitate
transmission of M tuberculosis.'*** Al-
cohol'?! and inhaled*** or injected®
drugs enhance susceptibility to respi-
ratory tract infections. Even in the pre-
HIV era, drug dependency was associ-
ated with more rapid progression to TB
disease.”* Untreated HIV infection re-
mains an important risk factor for TB.%!?
Testing for HIV is recommended for all
homeless shelter clients”; new rapid
tests, with results available within 20
minutes, can be done in nonmedical set-
tings.*

Our surveillance system could not
capture all the variables of interest for
understanding the complex social con-
texts in which TB often occurs. For ex-
ample, we were unable to examine the
relationship of socioeconomic indica-
tors such as education and income vari-
ables with homeless status or ethnicity/

©2005 American Medical Association. All rights reserved.
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race. In addition, psychiatric disorders
are frequent among homeless per-
sons,'®!%2” but we had no data to assess

the prevalence of mental health prob-
lems among homeless TB patients. These
are important considerations, not only

]
Table. Characteristics of Tuberculosis (TB) Patients and Disease, by Homeless Status,
1994-2003

No. (%)

I 1
Homeless Patients Nonhomeless Patients

Characteristic (n=11369) (n =167 148)
Male sex 9834 (86.5) 101752 (60.9)
Age, y*
<30 1080 (9.5) 39586 (23.7)
30-39 2824 (24.8) 28836 (17.3)
40-49 4067 (35.8) 28206 (16.9)
50-59 2402 (21.1) 21168 (12.7)
=60 995 (8.8) 49326 (29.5)
Birth outside the United States 2009 (17.7) 72866 (43.6)
Ethnicity/race
Hispanic 2223 (19.6) 38464 (23.0)
White 3400 (29.9) 39577 (23.7)
Black 5091 (44.8) 51366 (30.7)
American Indian 358 (3.1) 2088 (1.2)
Asian 250 (2.2) 33690 (20.2)
All other, including multiple and unknown 47 (0.4) 1963 (1.2)
Incarcerated at time of TB diagnosis 1032 (9.1) 5228 (3.1)
Excessive alcohol use 6121 (53.8) 19545 (11.7)
Injected drug use 1549 (13.6) 3385 (2.0)
Noninjected drug use 3352 (29.5) 8830 (5.3)
HIV test result reportedt 6608 (76.0) 69895 (52.8)
Positive resultt 2223 (33.6) 14221 (20.3)
Pulmonary disease 10576 (93.0) 134706 (80.6)
Culture-positive case§ 9484 (89.7) 109727 (81.5)
Sputum smear obtained§ 9987 (94.4) 113310 (84.1)
Smear-positive TB]| 6018 (60.3) 58109 (51.3)
Cavitary disease§ 3049 (28.8) 33096 (24.6)
No previous diagnosis of TBY| 10420 (91.7) 156984 (93.9)
Culture confirmation# 9221 (88.5) 124967 (79.6)
Anti-TB drug susceptibility results** 8833 (95.8) 118021 (94.4)
Primary isoniazid resistancett 540 (6 ) 8918 (7.6)
Primary multidrug resistancett 9 (0.9 1467 (1.2)
Previous diagnosis of TBY| 814 (7 2) 8553 (5.1)
Culture confirmation (current episode)# 700 (86.0) 6798 (79.5)
Anti-TB drug susceptibility results** 661 (94 4) 6399 (94.1)
Isoniazid resistance, current episodett 8 (7.3) 987 (15.4)
Multidrug resistance, current episodett ( .7) 341 (5.3)

Abbreviation: HIV, human immunodeficiency virus.

*Age distribution excludes 1 homeless patient and 26 nonhomeless patients whose ages were unknown.

TNumber and percentage exclude 2674 homeless patients and 34 880 nonhomeless patients who were residents of
California.

FPercentage is based on number of non-California cases with an HIV test result reported (provided in above row).

§Percentage is based on total pulmonary disease cases (provided in above row).

||Percentage is based on number of pulmonary cases with a sputum smear obtained (provided in above row).

fINumbers exclude 135 (1.2%) homeless and 1611 (1.0%) nonhomeless persons for whom it was unknown whether
there was a prior diagnosis of TB.

#Percentage is based on total number of cases in that category (provided in above row).

**Number is based on susceptibility results for at least isoniazid. Percentage is based on number of culture-confirmed
TB cases in that category (provided in above row).

ttPercentage is based on number of culture-confirmed TB cases with drug susceptibility results in that category (pro-
vided in above row). Trends were similar after stratifying for country of birth, except for primary isoniazid resistance
among US-born persons, which was 5.3% (383 of 7258) among homeless vs 4.8% (3127 of 64 974) among
nonhomeless.
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in understanding the epidemiology of
TB, but also in planning its treatment,
among homeless persons.

The most urgent priority for con-
trolling TB in the United States is inter-
rupting new transmission of M tuber-
culosis.?® Opportunities for transmission
arise when homeless persons with infec-
tious TB frequent homeless shelters,'*
emergency departments,” and jails.>*
Locations in a particular community
where homeless persons typically con-
gregate are appropriate places to focus
resources to prevent, identify, and treat
TB. Nine percent of homeless TB
patients were residents of a correc-
tional facility on the day of their TB diag-
nosis. The burden of TB that is associ-
ated with the incarceration of homeless
persons is likely much higher, but no
further incarceration history is recorded
for TB surveillance purposes. The 1996
National Survey of Homeless Assis-
tance Providers and Clients found that
49% of homeless persons reported at
least 1 incarceration of at least 5 days
in a jail, and 18% reported incarcera-
tion in a prison, at some point during
their lifetime.”” Although a history of
incarceration is a well-documented risk
factor for TB,** it might also be regarded
as a unique opportunity for more out-
reach in this hard-to-reach popula-
tion. Local public health staff could col-
laborate with correctional facility staff
(ie, for staff training, information shar-
ing, and discharge planning) to ini-
tiate supervised treatment of latent TB
infection and TB disease.*

We had no means to determine the
extent to which homeless persons ex-
perienced delays in obtaining an evalu-
ation for TB, but the slightly higher
prevalence of cavitary pulmonary TB
suggests more advanced disease at the
time of diagnosis. Once diagnosed,
however, homeless TB patients re-
ceived good case management, includ-
ing laboratory diagnostic evaluation, ap-
propriate use of a 4-drug regimen, and
excellent treatment outcomes for per-
sons given DOT (recommended for all
TB patients). Controlling this public
health problem demands considerable
resources but is integral to respond-
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ing to the Institute of Medicine’s call to
eliminate TB in the United States.”
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